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INTRODUCTION 


In  two  previous  memoranda  (-yefcrences  (^-^--(br)-)  an  attempt  was  made  to 
investigate  acoustic  interaction  effects  in  a simple  array  of  small  elements 
(circular  pistons  with  ka  = l/2).  It  was  found  that  very  significant  inter- 
action effects  existed  for  elements  of  this  size.  Other  experience  with 
arrays  of  larger  elements  has  suggested  that  the  interaction  effects  are  far 
less  significant  when  the  element  size  is  greater.  In  the  present  work  we 
seek  some  quantitative  information  about  how  large  the  elements  must  be  to 
avoid  the  most  drastic  interaction  effects.  Rusby  (-reference  (c)) Rafter 
considerable  experimental  work  with  certain  arrays  of  small  elements,  con- 
cluded that  the  element  size  must  be  less  than  about  one-third  wavelength 
(ka  < /^/3)  for  the  interactions  to  have  their  most  drastic  effects.  We 
will  find  results  in  general  agreement  with  this  conclusion,  j 


CALCULATIONS 


Further  calculations  have  been  made  for  the  seven  piston  array 
described  in  reference  (a).  The  seven  pistons  are  arranged  in  a hexagonal 
pattern  with  symmetry  such  that  when  all  pistons  are  driven  with  the  same 
force  there  are  only  two  different  piston  velocities.  Here  the  ratio  of  the 
magnitude  of  the  central  piston  velocity  to  the  magnitude  of  an  outer  piston 
velocity  (U /Ui  ) bas  been  calculated  a3  a function  of  the  ka  of  an  individ- 
ual piston  for  close  packing  of  the  array  (d/2a  = 1)  and  for  three  values  of 
the  internal  mechanical  resistance.  The  same  quantity  is  shown  in  Figure  4 
of  reference  (a)  as  a function  of  d/2a,  i.e.,  as  a function  of  array  pack- 
ing. As  in  reference  (a),  we  specify  values  of  internal  mechanical  react- 
ance appropriate  to  velocity  resonance  of  an  isolated  transducer.  Thus, 
results  presented  as  a function  of  ka  are  to  be  interpreted  as  being  a func- 
tion of  the  radius  a at  the  frequency  of  velocity  resonance. 
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This  quantity  is  given  in  Figure  1 as  a function  of  ka  for  Kw  /h ,,  = 0.11, 

0.U3  and  1.00 

In  this  particular  array  with  close  packing  the  various  piston  center- 
to-center  separations  are  d(2  = 2.3,  d»4=  2 V"T  a,  d2I  = 4a.  When  ka 
becomes  very  large  the  various  kd^-  become  very  large  and  all  the  mutual 
resistances  and  reactances  approach  zero.  Thus,  we  see  ttiat 

* I , for  large  ka. 

This  behaviour  for  large  ka,  which  would  be  the  same  for  any  array,  is  illus- 
trated in  Figure  1.  Figure  1 also  shows  that  fur  the  particular  array  under 
discussion  / \jt  does  not  differ  greatly  frcm  its  limiting  value  of  unity 
when  ka  exceeds  1.2  - 1.5- 

As  ka  approaches  zero  the  mutual  reactances  will  become  much  greater 
than  the  mutual  resistances  and 

lA  p X24  Xjj 

X/2  ' 

The  mutual  reactances  will  then  be  inversely  proportional  to  kdi(#  , and  we 
get 

M — > a - 2 l~^~)  - —=234 
u3  * d \2vr/  4 ? 

This  result,  which  is  a special  property  of  this  array,  was  used  to  plot  the 
point  at  ka  = 0 in  Figure  1. 


DISCUSSION 

The  ratio  / \J%  is  a useful  measure  of  the  importance  of  the  inter- 
actions since  transducer  damage  due  to  widely  differing  velocities  is  prob- 
ably the  most  drastic  interaction  effect.  When  this  ratio  is  near  unity, 
the  interactions  may  still  cause  large  variations  of  radiation  impedance, 
but  they  will  not  be  likely  to  result  in  transducer  damage.  We  see  from 
Figure  1 that  this  ratio  is  near  unity  for  ka  greater  than  1.2  - 1.5,  which 
is  in  general  agreement  with  Rusby's  conclusion.  Figure  1 also  shows  that 
this  conclusion  does  not  depend  strongly  on  the  internal  mechanical  resist- 
ance, although  the  importance  of  the  interactions  for  smaller  ka  does 
depend  strongly  on  this  resistance. 

Rusby's  work,  as  well  as  the  present  work,  is  based  on  particular 
arrays,  but,  since  both  are  in  reasonable  agreement,  it  seems  likely  that  a 
ka  greater  than  1.2  - 1.5  will  prevent  the  most  serious  interaction  effects 

in  most  cases. 

Most  of  the  calculations  required  for  Figure  1 were  performed  by 
Robert  J.  Almeida. 
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